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EFFECT OF WING LEADING-EDGE SLOTS ,ON THE SPIN AND
.RECOVERY CHARACTERISTICS OF AIRPLANES

By Anshal I. Neihouse and Marvin Pitkin
SUMMARY

An investigutlion has been made in the NACA 15-foot
free~spinning tunnel to determine the effect of wing
leading-edge slouts on spln and recovery characteristics,
Results obtained from these tests establish a criterion
from which the adverese or favorable effects of slots may
be predicted from a nondimensional masa-distridution
parameter,

The results indicate that, for single-~engine deslgne
with mass distributed heavily along the wings and for
rultlengline deslgns, recovery will be slower with elotse
open than with slots closed and the spin will be flatter
and at a lower rate of descent. If the maees 1s distriduted
heavily along the fuselege, however, recovery will be more
rapld with slots open than with alots closed when the ele- ;
vator ie neutral or down, although there will be llttle ap~ @
parent effect when the elevator is full up. There willl be ‘!
little effect upon the angle of attack or rate of descent
when slote are open and whern the mass is distributed
heavily mlong the fusclage.,

!

The slots, when open, will depress the inboard wing
of an alrplane regardless of loading.

INTRODUCTICN

The use of leading-edge slots on the wings of certaln
types of American airplane to improve the stalling charac-
-teristics or to increase the epded range has recently 1n-
creased. Indications that slots may have a large influ-
ence on the beMavior of an airplane in a spin have been
reported in references 1 to 6. These references indicate
that the effect of slots may be either detrimental or




beneficial but do not provide means for predicting the ef-
feoct for a particular condition unless the spin character-
igtice of the 'airplane without slots are definlitely known.
The investigation in the NACA 16-foot free-splnning tunnel
reported 1n the prerent paper was undertaken 1in an attemot
to relate the effect of slots on epin and recovery charac-
teristics to the mass distribution of the alrplane.

Five models of recent airplanes of widely different
types, all having slote, were tegted with the slots bhoth
open and closed. The mass distributions were varied to
cover a wide range of loadinge from a single-engine mass
distribution with mass.distributed chiefly along the fuse-
lage to a multiengine mase distribution with mass dlstrid-
uted chiefly aslong the wings. The effects of the slots on
the steady-~spln and recovery characteristice were deter-
mined.

APPARATUS AND TESTS

The airplanes represented by the five models used
for the investigation are briefly described in table I
and photographs of the models are given as figures 1 to
6. The models were constructed of balsa and were bal-
lasted for the desired losding conditions by the instal-
lation of lead welghts at suitable locations, A clock-
work mechanism was installed to actuate the recovery con-
trol.

The leading-—edge slots on the models were of both
the partial-epan and the full-span types. Comparative
teste were made of the slot-open and eslot-closed condil-
tions for each loading condition. The center of gravity
for pach model was kept in the same position during the
mass—dietridbution changes although the total mass varied
a small amount,

The NACA 165~foot free—-spinning tunnel and spin-
testing technique are described in detail in reference 6.
Briefly, the models, with the rudder set for a splim, are
ched by hand with rotation and 1in & splnning attltude
nto the vertical upwasrd alr stream of the tunnel. The
ailrspeed of the tunnel 1s adJjusted to equal the rate of
descent of the model; the model 1s thue kept at a fixed
height for observatlon and meassurements until recovery is
attempted. During the steady apln obeservatlons are made
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.of the angle o between the thrust axlis and the vartical
which 1g approrimately equal to ‘the angle of ‘mttdck; the
angle . § betwgen the sparn axlis and the horiszontal; the

‘angular velocity (2 about the spin axis; and the rate of

“descent V.

Recovery 1s attempted dy full and rapid reversal of
the rudder. The turns for recovery are teken as the num-—
bar_oflturﬁs made by the model from the time the rudder
i1s reversed until the spin rotatinn ceases. The leading-
edge slots were considered to have a "favorable" effeqt
when the number of turns for recovery was less with the
slots open than with the gslote clused.

RESULTS

. The ocuantitative rosults of the investigation are
Presented In tables II and III, Table II shows the
steady-spin data and table III, the recovery data. The
s8lot effectes Aare presented cualitatively in figure 6 and
in tablea IV and V.

The data presented in tables II and III are believed
to represent the true model values within the follcwing
limits: .

&, degTeen . . . . . . 4 4 e e e e e e . . ozl
¢, degreen . . . . . ., . . . - |
V, percent . . . . e e . . . =2
2, percent . . . . . . . . . s s & s s s s s+ s+ a2 %3
Turns for recovery . . . . v e e e e s s e e *é

All spins were made to the right and positive wvalues
of the angle of wing tilt @ indicate that the right -
that is, the inner - wing 1s down.

DISCUSSION .

The 1nfluence of mass d&istridutlon upon the effeot of
slote on recovery was somevhat more evident for the spins
when both elevator and ailéerons were neutral; accordingly.
these resulte were first plotted (fig. 6).to show the in-
fluence of each of the three inertia moment parameters




2 Z
X _ ¥ . b4 3 , and 5 . Flgure 6 indicates
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that, although partial separation of the favorable and the
adverse effeots of slots may be obtained by coneideration

Iz -1
of the inertia pltching-moment parameter ?Z_;E_E or
: m
' Iy - Iz
of the inertia rolling-moment parameter — prac-
mb

tically complete separation of the effects can he obteined

Iy - 1
when the lnertia yawlng-~moment parameter —E—;g—! is con-
m

gsldered. The same condlition was found for alleron and
elevator effects in reference 7. The inertia yawing-
moment parameter depends on the relative loading along
the fuselage and winge; the value of this parameter in-
creases algebraically when mass 1a added along the wings
or removed glong the fuselage. Figure 6 shows that the
reversal from an adverse to a favorable slot effect oc-
curred at a value of the parameter of approximately

-80 x 10~

Ag a result of the indlcations of figure 6, tables
IV and V were prepared to compare the gualitative recov-
ery data on the basis of the lnertia yawing-moment param-
eter. In table IV, the data are arranged to show the ef-
fect of elots for loading variatlons of the individual
models; whereas in table V the data are grouped together
for all models. These data indicate that, for the models
of which the spin characterietics were investigated for
more than one mmee dlistribution, the slot effect tended

Iy -1
to become adverse ar the value of —E—gg—z wvas algebra-
m
Ix - Iy
ically increased, As the valus of =7 became alge-

braically smaller, the open slots tended to have a favor-
able effect when the €lsvator was neutral or ‘downm Iﬁﬂ +to
Jhave little effect when the elevator was full up.  The'
fact that separatlon of favorable and advérse effeots 1s
not complete indicates that mass distribution, although a
primary factor, is not the sole factor which determines
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slot effect. For elevator-up configurations, for example,
the ‘critical value of- the parameter appears to be shifted
to a larger negative value than for the elevator-neutral
and elevator-down configurations. In some cases when re-
coverles with slcts closed were elther extremely rapid or-
extremely slow, the effect of opening the slots was not
noticeable. This fact accounts for the occurrence of a
large proportion of the nevtral effects at either end of
the mass-parameter scale,

The results are interpreted as indicating that open
slcts willl retard recovery for airplenes with mase distri-
buted chiefly along the wings -~ that is, multiengine air-
Planes or gingle-engine airplsnes with armament or fuel
lvcated in the wings -~ and that the effect may be of
serious magnlitude. If the mass distribution 1s suffil-
ciently light aleng the wings and heavy along the Fuse-
lage, open slots--will generally assist retovery when the
elevator is reutral or down and will have little effect
when the elevator is full up. O

The effect of slots on the steady-spin parameters,
as shown by a study of table II, appears to be a change
of angle of wing tilt which leads to lowering of the in-
board tip when the slots are open., Thie effect occurred
regardless of loeding, control setting, and indivijual
model charaoteristics., ZTYor loading conditions for which

mb >3

-80 x 10-‘, open aslcte tended to flatten the epin and to
decrease the vertical velocity. ZFor loadings for which

was algebraicelly greater than approxirately

Iy - Iy

P wag algebreically less than approximately
mb

~80 X 10-‘, open s8lots had only a small effect upon angle
of attack and vertical velocity.

In general, it may be said that, for both recoveries
and steady splns, the adverse effects were ¢f larger mag-
nitude than were the favorable effects. No consistent
trend of the effeot of slots on the angular velocity was
noted,



CONCLUSIONS

From tests in the NACA 15-foot free-—spinning tunnel
of five models of recent alrplanes having slots on the
leading edges of the wings, the following conclusions are
indlcated:

l. Leadling-edge slots, either partial or full span,
may seriously affect the recovery from the spin. The ef-
fect may be elther adverse or favorable depending on the
masg distribution of the airplane,

2, The adverse or favorable slot effect may be gen-—
erally predicted from design data by use of a nondimen-
slonal mass~dietribution parameter.

+ 3, Yor single-engine designs with mase distributed
heavlily along the wings and for multliengline designs, open
slots will have an adverse effect on spln recoverles.

For single-engine designs heavily loaded alcng the fuse-
lage, open s8lots will generally improve spln recoverles
when the elevator ie neutral or down; there will bPe only
little effect when the elevator is full up.

4, Open slots will tend to depress the inboard wing
in.a spin, regardlese of mass distribution, FHor mass
dlstributions for which open slcts have an adverse effect
on recovery, the spln will be flatter and the rate of
descent lower with glotas open than with slots closed.

For mass distributions for which open slcts are favorable
to recovery, there will be only little effect upon the
steady spin when the slots are opened.

Langley Memorial Aeronautical Laboratory,
National Advieory Committee for Aeronautics,
Langley Tield, Va.
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TABLE I

MOMENTS OF INERTIA OF AIRPLANES

REPRESENTED BY MODZELS

—
Full-scale moment Bagic
Model a‘iype’l;i w:irplane TvPe of | of inertie sbout | loading
lug-ft —
(£1) (slug-£57) e
Iy | Iy Iy (a)
Tip, each 37
1 11"; ““ﬁt 24,3 |percent of |3285]| 5,540( 8,550{-91 x 10
j ng semispan
Scout Tip, each 29
2 |bomber 50,90 parcent of. |8150113,475|20,470|-48
low wlng semispan
b
3 gizﬁr:i’;ém 40.8 |Full span |3705| 4,970| 7,580|-48
Scout H |
4 ;:gg;"l::?n 22.0 |Full span |2958| 8,739 110,715|-244
midving
Observation
5 :2’;}{'&“ ®36.0 |Full span |36101 5,710] 7,070{-98
biplane i

8S5ymt0ol m denotes mass of airplane.
'pper wing.




TABLE IT ;)
EFFECT OF SLOTS ON STEADY-SPTN CHARACTERISTICS . >
Eul spins made to the right; all values of V given in fps (full scale); a and # in deg; 8 1n radtans/sec (full lclle] .
| f‘_ Atlerons with .. Mleronms meutral - Mlerons agatnst
. Elevator 1™ o Rlevator T o Elevator e
Load-! X ;;Y Slots Up Neutral ‘ Down Up Neutral B Down Up Neutril Down
tng mhe . & [ S S e = g e g - bttt
{“)' vialgl 0 VJGIVJQ VJG[[{‘Q v aﬂrﬂJv{aTﬂ;n v, alglQ {v|elg| Q Vu{ﬁ Qi{via|g|a
N S [ - - B e ..;—T._ PENSRSIUR . TS R Y. P — ——
. Closed ,V,zgg“i{;ytg:: Xféﬁﬁg’é;’g X:éft;ytzg‘t’ 240[29) 0/ 2.521 189) L1} 1] 2.20199 38 | 0|3.53 {2Uly| ~= [-~=| 2. 6L 119538 |-l | 3.32201| 36 | -L|3.50
1 A |-91x10" - il o e -+ - e ~1- b R o
Osclllat Jscillat Velocity t )
Open ::ndegigzy :inde:in?xgy h:ggctoyte:g 187(49| 6 2.45] 181} L2| L] 3.1422 (34| 3{589 [187|40| Of ~---{179li3| 2 2.98] 187 - «|<ed <eum
R DU D paie pid Y et : R et il 5. < .
osclillat Velocity too| Velocity t .
oa Closed 32:.«?&13’ hzggctoyteg: h;g;ctoyte:g 230|31| 0[2.71] 199, Lo| -1f 3.08205(36 | -1|3.62 218 36| -3| 2. 62|201(36 |-y | 3.26] 207[ 32 | -5]|3.53
B -61 : — A RSN RO S Syt
open (177 "Lr' so=] ===l =e) =] =---11831 401 8] 3.12{185] 50| Ui 2.56| =-=! -of =) —--cd 175146 LI3.14[189] 18] o] 2. %]~ - ----}185 36{ o[3.13
O O T U O D 30l232]331 ol 2,921 conl onl ol —ooloonl w ] . veloctty too |__I__|..1_..1 veloetty t
Closed |- [205{32{2|.39|232[33| o 2.92 203| 32|-3(4.33 mggctoyt“: higgcboyte::
N ¢ w22 Lo ol AT N i eat
Open  [171]55(7|3.19f ===l"ex| | ===={169| 53} 6] 2.5} 173 520 31 3413] ==ej ==l -l --=4167|511 4}2.32 [177 57] Or2.89 i e Bl RS 189137‘ -1—|3-55
1 A 1272 C v L L
S PP il o o o e ot o o i G B i B M o e b e e B Mign to test| hign to teat
Open (17157 [5]3.22| ===} <=~ ----1 161 5hf 51 3.54[173) 55| 3 3.13] ---] . == ===<{165|52 3(3.32 |185/ 47| 1| 2.89]-=nla=f| -==412%9|47| 0f3.L49
Closed 032;}13;;2? 266|211 51L.55/ 229 2| 0f 4. 68]182[ 39| 1 2.52| 16| L6 -3| 2.84160(47 | [3.20 |178 k3| -3]2.36 168 4B -5|-2.82 Ws| Lo | -L| 2.9,
A .LE - e L e e L, Ry R SR
(2L R R E I RE D IEL T CET (RS ERTT ESO IS I [PSoun UV [ oS SRy RROR R Ao N U I Y e O Y mwem |wedec| an] con vod en| ool wcan
K 1 e Closed [185|35]7]2. 24 173|35 2]5. 35| 165[ 35| 0| 3. 50| 201 28| -3 2. 83] 177] 3 -6 3.1 161 37[-83k2 | 211 2|11 1.95] Mo spin 16|33 [-a7i3.0t
a . datididy e 23 i R R Wi Bl o | g
L Open |1k 52|7]2.70| 130156313, 20, 12} 57| 3/ 3.34| 156/ 48| 2] 2.60| 128] 57| -2 3.2 11860 |-2 332 | 160 43[ 1 2.50 -‘5].5.15 128 571 -L}3.20
! s e Closed| No spin X:éﬁctgytﬁ: X;;gcigyt::g No spin 199( 23| -1f 3.67 1h3ih2|-e| 271 {136 53| -4 2.02 -;‘6*&.21; 1260 54 | -6}2.52
L Open No spin No *spin No spin No spin ) No spin No spin 128 55| -2f 1.90 =5 2.32 12150 © 2.2
: Cloned |---| == |-} ====| 156/25| 7|4 06| -==f ==| ~| ===~ 129/ 46| -2| 2.72|P120| Pl7|P=1] ®3. 31 118] 49 [ o] 5.48] -~ | T <2Z[11d50] ol3 i g o ool os
‘ -99 b b -— -b— | SR H R it EEUE SURIE SRR S - pe—
Open  |=mof-mjelmmce] coni ool ofemmn] meal enl f concfanai el aa een D130l B0 Byl b3 a5 o | oLl L P = I s e
' i B A O o o s O I S

“Basic loading denoted by A; variations by B, C, and D.

bRecoveries from this spin are 1& turns with slots closed, 1 turn with slots open.



TAMXE III.~ EFFECT OF 8LOTS ON rEcOVERIES®

10
[ALL recoveries attespted by full rudder reversal - full with to full sgainst] ¥aca
Te - I Allerons with Allerons neutral Allerons against
Medel [Losding -5;.! Elevator Elevator Elevator
(v) Up Heutral Down. Up Neutral Down Up Reutral Down
by A [e1x107% 2[(e) (a)!(e) (a)}(s) (o) A\A A\A KA
+—+ 4““~F
o 3
(5 ' o +—-
} B |-61L 2| (a) (o) 0o, (c-)/) — +—t —t + Jo | +—+t
0 /O o @)
o
3
1 G; ~22 2( (d) é d::. C/ O/O / ((;)/o ' (Co/
data
0 A o o = A
o o7 | 7 o
1 b |10 2 ( yo ( éﬁ (e)
° 2 o Z 08 HO
& / /
2 A =48 2{(a) (o)
o +\u + o) Aw Am
0 3 a3
] 3¢ ]
n +—t 4 &
. . N | ¢
2 B 78 § 2 dn:c (e} (o) dl:l dl::u (e)
L Mlsy, |z, u @ o | o e
5 +—t | +—+ “+—+
(%
2 ¢ [-l43 a 2|te) (e) (e)](e) (o) |(e)
E o +\I j0 4| o 122} It 22} 12 i
B o —+ | +—+ 0 7
2 ] h 2 (4) (e)
[} = £23 3 £S5 >€ 3
‘ o/éf” B gw @ g
Tk | TS
0 JAY O/O
Ty
3 B [-159 2 A\A (&) O (e)
+—+ Sn
o | +—
- e
A\A B
L a 214y 2 (o) (e) l\ 'k‘/l-
ol se—se | Fomge [ e L5 e z;\\‘s< LS
2 »
L » - 2{te) (1) o) O/O (2/(5 Q/o \/o ((-))/O
o O/ 3 ‘f'/*- }-x)

Syotation used throughout as follows:
(1) Left-hand symbol denotes slots closed; right-hand symbol, slots open.

(2) O/O}; Slots adverse to recovery when h > % turn.
- ¥

{(3) _*/Fé: Slots shew no effest on recovery whea h( é turn.

—-——_5, Slots favorable to resovery when <=h) % twrn.

(¢S]
(2) é Y ¥ Arrowed o0l denotes no recovery im Y turns.
(6) X Model would not spin.

Ppasic loading denoted by &; variatlioms, by B,C, and D.

Cyelocity too high to test. (Cemsidered to recover in not more than 1/2 targ.)

Spin wandering and oscillatory.

f3rin stesp, wandering, amd oscillatory. (Considersd to recover in not more than 1/2 turn.)
T3pin wanderiag.

(1 block = 10/40")
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TABLE IV. - SLOT EFFECT FOR VARIED MASS DISTRIBUTION >
Contrpl Model
Allerons |Elevator 1l 2
a0 + — 0 4| O + | — 4+
With Neutral O + _+_ o _+_ O A O A' +
P 1O O O 4|+ + + +| O A O +
®* 'O 0 + 4+4|— O — 0} O — o +
Neutral < Neutral C) C) + A C) C) . 4_. C) A C) [S
P 'O O + A|O 4+ + +| O A | O A
o OO0+ +/0 O O O O + O +
sermst plewrE 10 — — A0 O O +| O O O A
o 'O O + A+ O O +| O O O A
Loadlng (2) D ¢ B A |D A B C A B ‘B A
X ;;Y 10 =22 =61  -91| 74 -48 -78 -1L43 -1,8 =159 ;11; -2l;uxlg*

lgrrect of slots on recovery - adverse denoted by o; none, by +; favorable, by A:
Incomplete data, by —.

2zasic loading denoted by A; variations, by B, ¢, and D.

N
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TABLE V. - ADVERSE OR FAVORABLE SLOT EFFECT! AS DETERMINED BY
THE MASS-DISTRIBUTION PARAMETER ix__;.;_g

Control M‘(’gjl
Allerms|{Elevator| 2 1 4 13424 1 2 1A5 2 5 La
Up + O —_—00—— O0—— + -+
With Weutral|+ O O—0+ — —— — + A -+
Dowa | -+ O o000+ O ++— + A +
Up O OO0 + —+— QO — +
Neutralfieutral () O C)() C)() + — AN -+ AN Zﬁ
e O 000+ + +A— + A A
up L O O o000 + C +— O + <+
Agalnstileutra O 4 O O_OO — O A— | _I_ O A
Down .4 O Q0 OQ + OA— + O A

80 1,0 0 4,0 -80 -120 -160 -200  =2l,0x10"l
Iy - Iy
mbe

lgffect of slots on recovery - adverse denoted by o; none, by +; favorable, by 4;
incomplete data, by —-.
2

YIVN

Basic loading denoted by A.



NACA ' Figs. 1,3

Figure 1.- Model 1. A 1/20-scale model of the Curtiss XP-46
alrplane.

Figure 3.- Model 2. A 1/20-scale model of the Curtiss XSB20-1
airplane. '



NACA ' Figs. 3,5
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Figure 3.- Model 3. A 1/30-scale model of the Curtiss 0-52
airplane.

Figure 5.~ Model 5. A 1/16-scale model of the Naval Aircraft
Factory XOSN-1 airplane.
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Figure 4.- Model 4. A 1/l4-scale model of the Gurtiss XS03C-1 landplane.
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NACA Fig.B

(1 block = 10 divisions on Y2.s" Eng. scale)

ol |eerect of | |
Y slots on
2 recovery Loading
3 (O Adverse A Basic __
<y»| -+ None B
/\ Favorable C i Variations
Ly D
Yo
< e
<.
R
400 % 1074 N
Al
- 4A o
» )
‘& 320 4 &
“ -.1 / (#4
o= ’ 48 <
- ] QO s
- & 36, (%3
2 +21C -+
g3 20 /A ¥
<< A 4;163
v C 1D
» G4
- , A
k160 A f2a) Q 20
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- 3A
8
() —80 -160 -2440 -320 -Loo x 10l
1y - Ig Addition of
mbl wing weights

Figure 6, - Separation of slot effect by means of several
-mass~-distribution parameters. All spins with atlerons

and elevator neutral.
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